A sensitive determination method was developed for the analysis of pyrethroid pesticide residues in tomato samples using ionic liquidbased dispersive liquid -liquid microextraction. A hydrophobic ionic liquid (1-butyl-3-methylimidazolium hexafluorophosphate) and acetonitrile were used as the extraction solvent and dispersive solvent, respectively. The following experimental parameters affecting the extraction efficiency were examined: types of extraction solvent and volume of extraction solvent, types of dispersive solvent and volume of dispersive solvent and pH and ion strength of the sample solution. Under the optimum conditions, the extraction recoveries ranged from 83.9 to 96.7%. Moreover, the enrichment factors for esbiothrin, fenpropathrin and cyhalothrin were 42, 48 and 45, respectively. The calibration curves were linear with correlation coefficients ranging from 0.9997 to 0.9999 at concentrations of 0.05-1.5 mg/kg. The relative standard deviation (n 5 5) was 1.7 -4.5%. The limits of detection for esbiothrin, fenpropathrin and cyhalothrin were 8.1, 9.9 and 14.3 mg/kg, respectively.
Introduction
Esbiothrin, fenpropathrin and cyhalothrin ( Figure 1 ) are pyrethroid pesticides that are used widely in agriculture because of their effective ability to control pests. In recent decades, they have increasingly replaced organochlorine pesticides owing to their relatively lower toxicity, selective insecticide activity and lower environmental persistence than organochlorines (1 -3) . On the other hand, there is a risk of pesticide residue remaining on food due to abuse and accumulation in the food chain. The World Health Organization (WHO) considers pyrethroids to be neuropoisons, paralyzing the nervous systems in mammals and insects (4) . Furthermore, some pyrethroids were classified as Class C ( possible human carcinogens) by the U.S. Environmental Protection Agency (5) . Therefore, it is essential to develop a rapid and sensitive analytical method to control and regulate their use to ensure the quality and safety of food. The maximum residue limits (MRLs) for pyrethroid residues in a range of foods have been set by several organizations to protect consumers, such as the Codex Alimentarius Commission and the European Union [EU; pesticide MRLs, Regulation (EC) 839/2008] (6). For example, the MRLs of pyrethroids established by the EU in vegetables and fruit are in the range of 0.01 -2 mg/kg (7) . Therefore, it is important to develop a sensitive, rapid and effective method to determine and monitor the residual pyrethroids to ensure the safety and quality of food.
A range of methods have been used to quantify the residual pyrethroids in various samples, such as liquid -liquid extraction (LLE) (8), microwave-assisted extraction (MAE) (9) solid-phase extraction (SPE) (10), solid-phase microextraction (SPME) (11, 12) and stir bar sorptive extraction (SBSE) (13) . However, the tedious process and low sensitivity for LLE and MAE, lengthy time for SPE and high cost of SPME and SBSE are disadvantages.
Dispersive liquid -liquid microextraction (DLLME) is a new technique that was developed for sample preparation based on a ternary solvent system (14) . The method requires the appropriate aqueous mixing of extraction and dispersing solvents, which rapidly form a precipitate, with the rapid achievement of extraction equilibrium. The method is simple, fast and cheap, and has high recovery and enrichment factors. This technique has been successfully used for the enrichment and sensitive determination of pesticides (15, 16) and other environmental pollutants (17, 18) . DLLME has many merits: fast operation, no need for large amounts of extraction solvent, high recovery, low cost and an easy linkage to most analytical methods. On the other hand, toxic solvents such as chlorobenzene or carbon tetrachloride have often been used for extraction. Less environmentally damaging solvents are needed to reduce the level of environmental pollution. Ionic liquids (ILs) are novel solvents that exhibit good solubility toward inorganic and organic compounds (19, 20) . Moreover, they are not volatile and are innocuous in chromatographic columns, making them compatible with liquid chromatography (LC), allowing direct injection for analysis. This suggests that ILs have considerable analytical potential as efficient dispersive liquid-phase microextraction solvents for some pollutants in environmental water (21, 22) .
In the present study, a novel ionic liquid-based dispersive liquid -liquid microextraction (IL-DLLME) was developed for the extraction and preconcentration of pyrethroid pesticides in complex tomato samples. The parameters that affect the extraction efficiency of IL-DLLME were optimized, including the type and volume of the extraction and dispersive solvents, sample pH, extraction time and the effect of salts. (Tianjin, China). The tomato samples were purchased from a local supermarket (Baoding, China). All regents were filtered through a 0.45 mm filter (Xinya Cleaner Co., Shanghai, China).
Experimental

Chemicals and reagents
Apparatus
High-performance liquid chromatography (HPLC) analysis was performed using a Shimadzu HPLC system equipped with two LC-20AT solvent delivery units, SUS-20A gradient controller and SPD-20A detector (Shimadzu, Kyoto, Japan). An N-2000 Chromatographic workstation (Zheda Zhineng Co., Hangzhou, China) was used for data acquisition. A KQ3200E ultrasonic oscillator (Kunshan Instrument Co., Jiangsu, China) was set to 40 kHz and 258C for emulsification. The analytical column (C18, 5 mm, 150 Â 4.6 mm i.d.) was purchased from Agilent Co. (Palo Alto, CA). The mobile phase was methanol -water (80:20, v/v) with a flow rate of 1.0 mL/min. The injection volume was 10 mL and the detection wavelength was 220 nm.
Preparation of standard and sample solutions
For each analyte, a standard stock solution was prepared by dissolving the analyte in methanol, and the solution was stored at 48C. Working solutions were prepared by diluting the stock solutions with the mobile phase.
Fresh tomato samples were purchased from a local supermarket (Baoding, China). The samples were cleaned with water. After homogenization in a disintegrator, the tomato juice was filtered several times through qualitative filter paper. The filtrate was stored at 48C before use.
DLLME procedure
Five milliliters of the aqueous sample were placed in a 10 mL screw-cap glass conical tube. Subsequently, acetic acid was added to adjust the sample solution to pH 2.0. After 0.5 mL of methanol containing 100 mL of [Bmim] [PF 6 ] was rapidly injected into the tube through a 1.0 mL syringe, a cloudy solution formed. The tube was immersed in an ultrasonic cleaner (KQ3200E, Kunshan Ultrasonic Instrument Co.) set to 40 kHz (equivalent to a wavelength of 37.5 mm). After centrifuging the solution for 10 min at 4,000 rpm, the upper aqueous phase was removed with a syringe and the sedimented phase was diluted with 100 mL of methanol and filtered through a 0.45 mm filter membrane. Finally, 10 mL of the filtrate was injected into the HPLC system for analysis.
Results and Discussion
Optimization of ultrasound-assisted IL -DLLME Several factors affecting the extraction efficiency of IL -DLLME were examined, including the types and volume of extraction solvent, the types and volume of dispersive solvent and the pH and ion strength of the sample solution. Five milliliters of an aqueous solution containing 0.16 mg/mL of a mixture of esbiothrin, fenpropathrin and cyhalothrin was used as the sample for optimization.
Selection of extraction solvent
During the DLLME process, the selection of extraction solvents plays an important role that directly determines the extraction efficiency. The solvent should possess certain characteristics, including low solubility in water, good extraction capability for the compounds of interest, higher density than water, low volatility and good chromatographic behavior and no interference with the analyte peaks when injected directly into a chromatographic system for analysis. In this study, four traditional solvents (CCl 4 
Effect of IL volume
Different volumes of IL ranging from 80 to 120 mL were tested under the preceding extraction conditions to examine the effect of IL volume on extraction efficiency. The volume of the sediment phase increased from 50 to 100 mL with an increasing IL volume from 80 to 120 mL. As shown in Figure 3 , the recoveries of the three compounds increased with an increasing volume of [Bmim] [PF 6 ] from 80 and 100 mL, and decreased when the volume exceeded 100 mL. Subsequently, higher enrichment factors are obtained with low IL volumes. Therefore, 100 mL of [Bmim] [PF 6 ] as the extraction solvent was considered optimal, giving a volume of the settled IL phase of 80 mL.
Selection of the dispersive solvent
Hydrophobic IL is difficult to disperse in aqueous solvents owing to its low water solubility, high interfacial tension and high viscosity. Therefore, a suitable dispersing solvent is needed to improve the miscibility of IL in water and to form a fine dispersive phase for extraction, which increases the contact area between the IL and sample solution. A series of sample solutions were investigated using 1.00 mL of a dispersing solvent containing 100 mL of the IL. Figure 4 presents the enrichment factors resulting from methanol (MeOH), ethanol (EtOH), acetonitrile (ACN) and tetrahydrofuran (THF) as dispersive solvents. Acetonitrile showed the highest recovery for the target analytes and was selected as the dispersive solvent for further studies.
Effect of the volume of dispersive solvent
The dispersive solvent can affect the emulsion formation and dispersity of IL. Different volumes of acetonitrile were tested in the range of 0 -500 mL. Figure 5 suggests that low recovery was obtained before adding ACN, which might be due to the failure of emulsion formation. The recoveries of the three compounds increased remarkably after 100 mL of ACN were added. On the other hand, the recoveries decreased when the volume of ACN was increased from 300 to 500 mL, which might explain why the solubility of IL in the sample solution increased at higher volumes, whereas the volume of the sedimented phase decreased. Therefore, the highest recoveries were obtained using 300 mL of ACN, possibly due to its high dispersing ability for the extractant and less analyte loss.
Effect of sample pH
In general, the pH of a sample solution determines the state of the analytes, thus affecting extraction efficiency. The effect of the sample pH was examined in the range of 3.0-10.0 by adding the appropriate amount of acetic acid or sodium hydroxide to the sample solution. Figure 6 shows that the recoveries of the three compounds increased when the pH was increased from 3 to 5, whereas the recoveries decreased remarkably when the pH exceeded 5. This is because pyrethroid insecticides are stable in acidic pH and unstable in alkaline environments. Accordingly, the optimum pH of the sample solution was 5.0.
Effect of the ionic strength
Generally, the addition of salt is widely used in microextraction to improve the partitioning of analytes into the organic extraction phase. On the other hand, this may have different effects when the IL is used as an extraction solvent. In this experiment, 0.05-0.25 (w/v) of NaCl was added to determine the effect of the ionic strength on the extraction efficiency. The results (Figure 7) showed that the recoveries of the three compounds decreased with increasing NaCl concentration, which might be because the addition of salt enhanced the solubility of IL in the aqueous phase (23) . Therefore, salt was not added in the subsequent optimization.
Effect of the extraction time
During the IL-DLPME process, it is essential to achieve an equilibrium distribution of the IL between the aqueous phase and target compounds. Therefore, the extraction time is expected to be an important factor affecting the extraction efficiency. The extraction time was counted from when the aqueous sample solution and IL drop were ultrasonicated. The effect of the extraction time was examined from 5 to 15 min. The results confirmed 10 min to be sufficient for obtaining the highest recovery.
Evaluation of method performance
The optimum DLLME conditions were found to be: 100 mL of [Bmim] [PF 6 ], 300 mL of ACN and sample pH of 5.0. Under these conditions, a series of working solutions containing esbiothrin, fenpropathrin or cyhalothrin at different concentrations were tested to establish calibration curves. The reproducibility, linearity and limits of detection (LODs) were measured. The results are listed in Table I . The repeatability was tested by conducting five parallel experiments at a concentration of 5.0 mg/L for each compound. The precision of the proposed method was evaluated from intra-day (n ¼ 5) and inter-day assays (n ¼ 3) through replicate injections of a standard solution. The intra-assay precision was measured for continuous injections on the same day, whereas the inter-assay precision was measured on three consecutive days. The relative standard deviation (RSD) values of the peak area ranged from 0.43 to 2.14% for the intra-day precision, and 2.78 to 4.21% for the inter-day precision.
Application to Real Samples
The applicability of the proposed method was examined by determining the three pyrethroid pesticides in tomato samples under optimum conditions. The tomato sample was found to be free of pyrethroid insecticide contamination. A spiked recovery test was performed to evaluate the accuracy of the method. Three sets of tomato samples containing different levels of esbiothrin, fenpropathrin and cyhalothrin were extracted and analyzed. The recoveries of the three analytes at low, medium and high spiked levels ranged from 72.0 to 96.5% with RSDs , 4.8 (n ¼ 3) (Table II) . The LODs for esbiothrin, fenpropathrin and cyhalothrin were 8.1, 9.9 and 14.3 mg/kg, respectively, based on the chromatographic signal-to-baseline noise ratio (S/N ¼ 3). Figure 8 shows typical chromatograms of a blank tomato sample and spiked tomato sampled with IL-DLLME.
Comparison of IL-DLLME with other methods
The proposed method is compared with the other methods for the extraction and determination of pyrethroid pesticides in Table III , such as LLE, MAE, SPE and SPME. As shown in Table III , the advantages of the method are as follows: (i) IL is used as the extraction solvent, which is environmentally friendly; (ii) a very small amount of IL was need (100 mL); (iii) the extraction process was easy and the extraction time was very short; (iv) the method provides high sensitivity with a conventional ultraviolet (UV) detector. In conclusion, IL -DLLME presents an environmentally friendly, simple and fast technique for the trace analysis of pyrethroid pesticides in tomato samples.
Conclusions
A highly selective and rapid microextraction method was developed based on [Bmim] [PF 6 ] for the selective determination of three pyrethroid pesticides in complex biological samples. The results suggest that the proposed procedure is a simple, fast, interference-free, selective and environmentally friendly analytical approach. In addition, it provided good accuracy and reproducibility and showed a wide calibration range and high enrichment factor suitable for trace analysis in complex samples.
